SUMMARY The mechanism of supraventricular tachycardia was evaluated in twelve patients with mitral valve prolapse utilizing standard intracardiac recording and stimulation techniques. Eight patients had normal electrocardiograms, three had a short PR interval and normal QRS (Lown-Ganong-Levine syndrome) and one had Wolff-Parkinson-White type A. Six of the eight patients with normal electrocardiograms were demonstrated to have atrioventricular bypass tracts. Five patients had A-V nodal re-entrant supraventricular tachycardia. In two patients the bypass tract could be demon-MITRAL VALVE PROLAPSE has become recognized as the most prevalent cardiac valvular abnormality, affecting perhaps 6% of the population." 2 Arrhythmias are an important complication of this disorder. While ventricular premature depolarizations are most frequently noted, paroxysmal supraventricular tachycardia is probably the most commonly sustained tachyarrhythmia.3 I The present study was undertaken to analyze the mechanisms of supraventricular tachycardia that occur with mitral valve prolapse and compare them to the mechanisms that are responsible for supraventricular tachycardias in the population at large.
tant complication of this disorder. While ventricular premature depolarizations are most frequently noted, paroxysmal supraventricular tachycardia is probably the most commonly sustained tachyarrhythmia.3 I The present study was undertaken to analyze the mechanisms of supraventricular tachycardia that occur with mitral valve prolapse and compare them to the mechanisms that are responsible for supraventricular tachycardias in the population at large.
Methods and Material
Electrophysiologic studies were performed in twelve patients with auscultatory and/or echocardiographic findings of mitral valve prolapse in whom paroxysmal supraventricular tachycardia had been documented (table 1) . There were seven women and five men, aged from 17 to 63 years. Their resting electrocardiograms demonstrated a short PR interval (< .12 sec) with a normal QRS in three, Wolff-Parkinson-White type A in one, and were normal in the remaining eight.
Each patient was studied in the postabsorptive nonsedated state after informed consent was obtained. Antiarrhythmic agents were discontinued 48 hours prior to study. Quadripolar electrode catheters were percutaneously inserted through the femoral and/or antecubital veins and positioned under fluoroscopic control in the right atrium, right ventricle, and coronary sinus. One pair of electrodes was used for recording and the other for stimulation. A tripolar catheter was percutaneously introduced through the right femoral vein and positioned across the tricuspid valve to obtain a His bundle electrogram. The intracardiac electrograms were simultaneously recorded with multiple surface electrocardiographic leads, usually I, aVF, and V,, and displayed on a switch-beam oscilloscope (E for M, DR16).
In each patient the mechanism of the tachycardia was determined using intracardiac recordings and analyzing the strated to conduct antegradely when the left atrium was paced via the coronary sinus, while in four the bypass tract only conducted retrogradely. In all seven patients with atrioventricular bypass tracts, the accessory pathway was left-sided. We conclude that a) supraventricular tachycardia in the mitral valve prolapse syndrome appears related to a high frequency of bypass tracts; b) electrophysiological studies are required to diagnose these bypass tracts; and c) the atrioventricular bypass tracts may be related to the mitral valve abnormality since they are always left-sided.
response to atrial and ventricular pacing and extrastimuli delivered by a custom designed programmable stimulator using an optically isolated constant current source (Bloom Associates). Particular attention was paid to the mode of initiation of supraventricular tachycardia, the atrial activation sequence during the tachycardia, the effects of developing bundle branch block during the tachycardia, and the effects of stimulation (atrial and ventricular) during the tachycardia 2. Eccentric retrograde atrial activation sequence during supraventricular tachycardia.
3. Ability to pre-excite the atrium with ventricular premature depolarizations during supraventricular tachycardia at a time when the bundle of His is either refractory or participating in antegrade conduction. 4 . Prolongation of ventriculo-atrial conduction with the development of functional bundle branch block during supraventricular tachycardia. figure 1 . Both demonstrated dual A-V nodal pathway response characteristic of patients with A-V nodal re-entry as depicted in figure 2. The tachycardia rate in these patients was 150 and 200 beats/min.
Three patients (cases 3, 4, 5) demonstrated the short PR, normal QRS, abbreviated A-V nodal conduction time, and blunted A-V nodal response to atrial pacing characteristic of the Lown-Ganong-Levine syndrome. The tachycardia rates in these patients were 150, 162 and 200 beats/min. A-H intervals in these patients were 50-55 msec and all showed less A-H prolongation in response to rapid atrial pacing than normal. A dual pathway response was demonstrated in each patient with the tachycardia occurring during slow pathway conduction through the A-V node. The atrial activation sequence during the tachycardia was identical to that seen in typical A-V nodal re-entry and atrial activation appeared prior to or at the onset of ventricular depolarization. fig. 2) . The supraventricular tachycardia in the three patients with manifest or latent preexcitation was demonstrated to incorporate the accessory pathway in the re-entrant circuit. In four patients (cases 9-12) an atrioventricular bypass tract was concealed during antegrade stimulation studies, but was shown to be operative during supraventricular tachycardia by a) eccentric retrograde atrial activation during the tachycardia (fig. 3) ; b) prolongation of ventriculo-atrial conduction with the development of left bundle branch block (fig. 4) ; and c) the ability to prematurely depolarize the atria with ventricular stimulation during the tachycardia (fig. 5 ). The tachycardia rates ranged from 170-230 beats/min in this group. In the two patients with the fastest rate of supraventricular tachycardia (230/min) the bypass tract was not manifest on the surface electrocardiogram (cases 8 and 11). In all cases with a functioning atrioventricular bypass tract, the location was demonstrated to be left-sided by a retrograde atrial activation pattern with the earliest activation in the left atrium In all patients with atrioventricular bypass tracts, the accessory pathway was left-sided. This is intriguing in the light of the known abnormalities of the mitral apparatus. In 60% of our patients some form of pre-excitation was present. Since a rational approach to therapy of arrhythmias is predicated on the understanding of their underlying mechanisms, it is obviously important that patients with mitral valve prolapse and supraventricular tachycardia be Relationship to Common Mechanisms of Supraventricular Tachycardia in the General Population The incidence of bypass tracts participating in supraventricular tachycardia associated with mitral valve prolapse is inordinately high. In our experience, A-V nodal re-entry is the mechanism in two-thirds of the episodes of paroxysmal supraventricular tachycardia in the general population4 while bypass tracts are operative in only 20% of cases. Wul' and Akhtar (unpublished data) have similar findings. This increased frequency of bypass tracts should be taken into consideration when therapy is required or has failed previously. Electrophysiologic investigation should probably be undertaken in such patients.
